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Abstract 
The VM refrigerator with power being supplied by liquid nitrogen shows great potential for application below 10K. The 2D 
axisymmetric model refers to actual geometry under oscillating flow conditions is carried out using FLUENT software. The 
lowest temperature, the pressure in three cavities, the temperature profile along the regenerator is presented. The simulation 
results show good agreement with available data. Then the regenerator between cold and middle cavity is optimized to obtain the 
lowest temperature, it is filled with stainless steel screens and lead shot. It is found that there exists an optimal ratio of stainless 
steel screens and lead in the same length regenerator. 
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1. Introduction 
The Vuilleumier(VM) refrigerator, known as heat driven refrigerator, is one kind of closed-cycle regenerative 
refrigerator. It was not developed until 1960s due to its low efficiency and low cooling load. Later F.F.Chellis et al. 
(1964) developed this kind of refrigerator, using liquid nitrogen as driving power, and reached a terminal 
temperature of 15K. After that, Y.Zhou et al. (1984) optimized this type of machine and obtained a terminal 
temperature of 10 K. Sherman et al. (1971) have analyzed the VM refrigerator numerically including most of heat 
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losses. In recent years, Y.Zhou et al. (2012) proposed a novel refrigerator in theory arming to attain a temperature 
below 1.7 K, which showed great potential for development below 10K. 
Computatinal Fluid Dynamics (CFD) methods have also shown to be efficient to investigate various crycoolers. 
In the present paper, we built the numerical model of a VM cryocooler and analyzed its performance based on 
Y.Zhou et al. (1984)’s structure. Furthermore, the optimization of this CFD model is also discussed. 
 
2. Problem geometry 
 
Fig. 1. Schematic of the VM refrigerator geometry simulated  
Fig. 1 shows the geometry of a cryogenic VM refrigerator. Because its geometry is axisymmetric, only half is 
shown in Fig.1. A VM refrigerator consists of two displacers, two regenerators, and three heat exchangers (cold-end 
heat exchanger CHX, hot-end heat exchanger HHX, and intermediate heat exchanger IHX). The various dimensions 
of all parts and the boundary conditions are listed in Table1. The structure of model is referring to the experimental 
test apparatus of Y. Zhou et al. (1984). 
For simulating two displacers moving, each displacer is divided into two parts, as shown in Fig.1, the left of A 
and the right of E is one displacer (Cold displacer), the left of F and the right of J is another displacer (Hot 
displacer). The two parts of the cold displacer have a synchronous movement, and the two parts of the hot displacer 
have a synchronous movement but its movement is leading that of the cold displacer. 
 
    Table 1. Dimensions of the VM refrigerator according to Fig.1. 
Components Radius(mm) Length(mm) 
A (Cold end) 26 0~21 
B (CHX) 26 1 
C (Regenerator1) 26 108 
D (IHX1) 5 100 
E (Intermediate end1) 26 0~21 
F (Intermediate end2) 47.5 0~21 
G (IHX2) 5 900 
H (Regenerator2) 26 100 
I (HHX) 47.5 1 
J (Hot end) 47.5 0~21 
 
 Changzhao Pan et al. /  Physics Procedia  67 ( 2015 )  479 – 484 481
3. Mathematical model 
The commercial CFD code Fluent(2006) was used. The dynamic meshing function of Fluent was used to model 
the cold and the hot volumes. The displacers’ movements are sinusoidal functions, which can be described as 
 sincold av v tZ                                                                                                                                         (1) 
 sin 2hot av v tZ S                                                                                                                                 (2) 
Where va=0.12566m/s is the amplitude, Ȧ=2ʌf is the angular velocity, f is the operating frequency (in simulation, 
f=2Hz). The movement of the pistons was tracked and guided by using the User Define Function (UDF). In the 
simulation, the hot regenerator is 304SS woven wire mesh of 300 mesh size; the cold regenerator is 0.2mm lead, the 
two heat exchangers are copper wire mesh of 100 mesh size. In the simulation, the helium was assumed to be ideal 
gas, and its thermal conductivity was assumed to be temperature dependent. For heat exchangers, the density of 
304SS and copper were assumed to be 7810kg/m3 and 8950kg/m3 respectively, and the thermal conductivity of 
304SS and copper were also assumed to be temperature dependent. The specific heat of each material was assumed 
to be temperature dependent by polynomial fitting the NIST data. 
For saving CPU time, the simulation uses segmented initialization: the regenerator2, the hot end heat exchanger 
and the hot end were set to be 300K; the other parts of system were set to be 77K. The initial pressure in the VM 
refrigerator was set to 1MPa. A no-slip velocity boundary condition is used to all the walls in simulation. The 
simulation is done as transient processes and the PISO algorithm is employed with a time step of 2.5ms. The 
convergence tolerance criterions for energy equations are 1×10-6 and the others are 1×10-3. A computer with 
2.0GHz processor and 2.0GB RAM was used and it took four weeks to get the steady state. 
 
4. Results and discussion 
 
Fig. 2ˊThe cooling curving and the PV diagram 
Fig. 2 shows the simulated cooling curve and PV diagram. The lowest temperature in the simulation is about 
10.7K that shows good agreement with Y.Zhou’s experimental result. The temperature fluctuation of the cold end is 
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as large as 1.7K, which is a characteristic of the low frequency refrigerator. The right side of fig. 1 is the PV diagram 
in three cavities, which shows that the heat is absorbed in the cold and hot cavities and is rejected in the middle 
cavity. The cooling power in the cold cavity is in equilibrium with the heat loss in the regenerator, so the heat loss of 
the regenerator is about 3.842W. 
 
Fig. 3. The instantaneous pressure in three cavities 
Fig. 3 shows the instantaneous pressure in the three cavities. It is interesting that the pressure ratio in the middle 
cavity is the largest and not in the hot cavity, which manifested in the pressure of middle cavity smaller. And what’s 
more, a phase difference exists between the hot cavity and the middle and cold cavities. The pressure drop of the 
cold regenerator is about 20kPa. 
Fig. 4 is the temperature distribution and streamline of the cold regenerator in one cycle. Because the sectional 
area is changing between regenerator and heat exchanger, there exists a small swirl in the inlet of the regenerator. It 
is a heat loss in the cryocooler. The temperature distribution of the regenerator in y-axis is inhomogeneous. Because 
the heat exchanger tube and the cold displacer land in the same axis, the pressure drop in the tube’s direction is 
smaller. So the center of the regenerator shows the lower temperature. This inhomogeneous temperature distribution 
is disadvantageous, because the material of regenerator is not used effectively. This should be avoided in the 
structural design. 
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Fig. 4. The temperature distribution in one cycle 
 
Fig. 5 shows the result of different ratios of stainless steel screens and lead in the cold regenerator. The ratio of 
stainless steel screens and lead will decide the no-load temperature, because it will have influence on the pressure 
drop and the incomplete heat transfer. The result shows that the best combination of stainless steel screens and Pb 
lead is 46mm+66mm. The lowest temperature will reach 10.4K by optimizing the length of SS and lead. 
 
5. Conclusion 
CFD analysis on a VM cryocooler is performed using Fluent. The lowest temperature reaches 10.7K, which 
verified the accuracy of this model. The pressure in three cavities and the temperature profile along the regenerator 
are analyzed. It is shown that the heat loss of regenerator is about 3.842W. Furthermore, the regenerator between the 
cold and middle cavities is optimized to obtain the lowest temperature.  The result shows that the best cold 
regenerator is 46mm stainless steel screens and 66mm lead. 
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Fig.5. The coldest temperature for different ratio of stainless steel screens and lead 
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